Introduction
============

Extranodal natural killer/T-cell lymphoma (ENKTL) is considered to be an aggressive disease with particular morphologic, immunohistochemical and clinical features ([@b1-ol-0-0-5592]). According to a review performed by the Pathology of Lymphoma Collaborative Group (Beijing, China), ENKTL is the second most common type of lymphoma following diffuse large B-cell lymphoma (DLBCL) in China ([@b2-ol-0-0-5592]). According to the anatomic site involved, ENKTL can be classified into either upper aerodigestive tract (UAT) group or non-UAT group. Subdivision of the 2 groups is necessary due to the difference in clinical characteristics and prognosis ([@b3-ol-0-0-5592]--[@b5-ol-0-0-5592]). Due to the poor prognosis of ENKTL, a great number of clinical and pathological efforts have been made to identify prognostic markers for ENKTL ([@b6-ol-0-0-5592]--[@b8-ol-0-0-5592]).

Tumor necrosis factor (TNF) receptor superfamily member 8 (CD30) is a transmembrane glycoprotein belonging to the TNF family ([@b9-ol-0-0-5592]). Among lymphoproliferative disorders (LPDs), CD30 expression was originally reported in classical Hodgkin\'s lymphoma and anaplastic large cell lymphoma ([@b10-ol-0-0-5592]). CD30 expression has previously been reported in a set of peripheral T-cell lymphomas (PTCL) including PTCL-not otherwise specified (NOS) ([@b11-ol-0-0-5592],[@b12-ol-0-0-5592]), angioimmunoblastic T-cell lymphoma ([@b13-ol-0-0-5592]) and primary cutaneous LPDs ([@b14-ol-0-0-5592]). There are few studies investigating the expression of CD30 in ENKTL patients ([@b15-ol-0-0-5592]--[@b23-ol-0-0-5592]). In addition, the association between CD30 and the clinicopathological features and prognosis of ENKTL remains controversial.

In the present study, CD30 expression was determined using immunohistochemistry in 122 patients with Chinese ENKTL, to evaluate its association with clinicopathological features. The prognostic significance of CD30 expression was also studied through the analysis of selected patients with complete data.

Materials and methods
=====================

### Patient selection

Biopsied tissues of patients with NK/T-cell lymphomas between May 2011 and November 2013 at the First Affiliated Hospital of Zhengzhou University (Zhengzhou, China) were identified. All patients were diagnosed according to the World Health Organization classification criteria ([@b1-ol-0-0-5592]): The morphological and immunophenotypic characteristics of the tumor cells fulfilled the criteria of ENKTL, and all the cases were EBV positive. The enrolled patients had lymphomatous lesions on the upper aerodigestive tract and had not received any previous treatment for lymphoma. Reactive hyperplasia of lymph node tissue was collected as control. Written informed consent was obtained from all patients prior to starting the study. This project was approved by the First Affiliated Hospital of Zhengzhou University Clinical Research Ethics Committee (Zhengzhou, China).

### Immunohistochemistry

Immunohistochemistry was performed using 10% formalin-fixed paraffin-embedded tissue blocks that were divided into 4 µm sections, followed by the modified avidin-biotin complex method (Envision method) on an automated immunostainer (Ventana Medical Systems, Inc., Tucson, AZ, USA) ([@b24-ol-0-0-5592]). The following antibodies were used: Membrane spanning 4-domains A1 (CD20; dilution, ready-to-use; catalogue no., 14357208; ZSGB-BIO, Beijing, China), membrane-bound immunoglobulin-associated protein (CD79a; dilution, ready-to-use; catalogue no., 15620806; Fuzhou Maixin Biotech Co., Ltd., Fuzhou, China), cytoplasmic cluster of differentiation (CD) 3 (dilution, ready-to-use; catalogue no., CRM01420309; Shanghai Jiehao Biotech Co., Ltd., Shanghai, China), CD3 (dilution, ready-to-use; catalogue no., 130801543E; Fuzhou Maixin Biotech Co., Ltd.), CD43 (dilution, ready-to-use; catalogue no., 131006032b; Fuzhou Maixin Biotech Co., Ltd.), neural cell adhesion molecule (CD56; dilution, ready-to-use; catalogue no., cm03510419; Shanghai Jiehao Biotech Co., Ltd.), Granzyme-B (dilution, ready-to-use; catalogue no., 16691906;ZSGB-BIO), T-cell-restricted intracellular antigen 1 (TIA-1; dilution, ready-to-use; catalogue no., 160426599E; Fuzhou Maixin Biotech Co., Ltd.), CD30 (dilution, ready-to-use; catalogue no., 15331003;ZSGB-BIO) and anaplastic lymphoma kinase (ALK; dilution, ready-to-use; catalogue no., 151223281C; Fuzhou Maixin Biotech Co., Ltd.). The percentage of CD30 expression was determined by quantifying the number of positive cells with strong membrane staining, excluding all necrotic area. Those with strong, complete and uniform brown coloring at the cytoplasmic membrane were considered as CD30-positive. The results were scored on a 5-tiered scale: 0, 0% positive cells or no staining; 1+, \<25% positive cells; 2+, 25--50% positive cells; 3+, \>50--75% positive cells; and 4+, \>75% positive cells. A score of ≥1+ was taken to represent CD30 positivity.

### In situ hybridization for Epstein-Barr virus (EBV)

The presence of EBV RNA was detected with an *in situ* hybridization (ISH) technique, using the Epstein-Barr Virus Early RNA kit (ZSGB-BIO) according to the manufacturer\'s protocol. Briefly, 4--6 µm sections cut from paraffin tissues were deparaffinized, rehydrated, predigested with gastric enzyme, prehybridized, and then hybridized with a digoxigenin (DIG)-labeled RNA probe (ZSGB-BIO). Subsequent to washing, the reaction was performed using anti-DIG horseradish peroxidase conjugate antibody (dilution, ready-to-use; catalogue no., 151110; ZSGB-BIO) followed by development with diaminobenzidine (ZSGB-BIO, Beijing, China). A known case of EBV-positive nasopharyngeal carcinoma was used as a positive control.

### Statistical analysis

All analyses were performed with SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). The association between CD30 expression and clinicopathological parameters was assessed using a χ^2^ test or Fisher\'s exact test. Survival rate analysis was determined using the Kaplan-Meier method with the log-rank test. Overall survival (OS) rate was defined as between the date of diagnosis and the date of last follow-up or mortality. Progression-free survival (PFS) rate was defined as between the date of diagnosis and the time of progression or mortality. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Immunohistochemical analyses of CD30 expression

According to the scoring system aforementioned, the numbers of CD30 expression scoring 0, 1+, 2+, 3+ and 4+ accounted for 36 (29.5), 46 (37.7), 22 (18.0), 12 (9.8) and 6 (4.9%) of 122 patients with ENKTL, respectively. Overall, 14.7% (18 of 122) of the considered patients showed a CD30 expression score of ≥3+. Among the 86 patients with score 1+ to score 4+, the membranous staining patterns of CD30 expression were sporadic (33.7%; 29 of 86), focal (43.0%; 37 of 86), diffuse (15.1%; 13 of 86) and angiocentric (8.1%; 7 of 86) ([Fig. 1A-D](#f1-ol-0-0-5592){ref-type="fig"}).

### Association between CD30 expression and clinical features

Complete clinical data was collected from 70 patients. All the patients received 1 of the following therapies: Chemotherapy alone (50%; 35 of 70); radiotherapy alone (4.3%; 3 of 70); or concurrent chemo-radiotherapy (45.7%; 32 of 70). All the patients were followed-up between 11 months and 50 months with a median follow-up length of 28 months. The Kaplan-Meier analysis of OS for the whole group (n=70) was 72.9% at 5 years. Survival rate analysis was performed between CD30^+^ and CD30-patients with ENKTL based on the 5-tiered scale between 0 and 4+. When considering a score of ≥3+ as CD30^+^, the CD30^+^ group had a significantly shorter OS (P=0.0023) and PFS (P=0.0008) compared with the CD30-group ([Fig. 2](#f2-ol-0-0-5592){ref-type="fig"}). Thus, the criterion for CD30 positivity, ≥3+, was used for additional analysis.

### Comparison of clinical and histopathological features according to CD30 expression

The clinicopathological features of the 122 patients with ENKTL stratified according to level of CD30 expression are listed in [Table I](#tI-ol-0-0-5592){ref-type="table"}. Overall, there were 84 men and 38 women (male/female, 2.2:1) with a median age of 45 years and a range of 15--80 years. Over half (53.3%) of the patients presented with B symptoms, which consist of: Weight loss of \>10% within 6 months; night sweats; and fever of unknown origin, and \~1/3 had advanced Ann Arbor staging of stage III or IV ([@b25-ol-0-0-5592]). No clinical difference was reported between patients in the CD30^+^ group compared with the CD30-group when CD30 positivity was defined as ≥3+.

Based on the prevailing population size of tumor cells, ENKTL in the present study can be classified into 4 histological types: 27 patients with small cell type; 65 patients with medium-sized cell (MC) type; 10 patients with large cell type; and 20 patients with pleomorphic cell type. In total, 45 patients exhibited an angiodestructive growth pattern and 105 patients exhibited various degrees of coagulative necrosis. No statistically significant association was observed between the expression of CD30 and histologic subtypes, the association between CD30 expression and patients with vascular destruction and necrosis failed to reach statistical significance as well.

In terms of immunohistochemical findings, the neoplastic cells in all patients tested positive for cytoplasmic CD3 and CD43, but negative for CD20. In total, 95.1% (116/122) showed staining for CD3 and 91.8% (112/122) were positive for CD56. The expression of the cytotoxic markers granzyme B and TIA-1 was observed in 91.8% (112/122), and 92.6% (113/122) of all patients, respectively. All 122 patients were EBV-positive according to ISH detection.

Discussion
==========

The rate of CD30 positivity in ENKTL that has been reported in previous studies has been sporadic (range 20--70%) ([@b15-ol-0-0-5592]--[@b23-ol-0-0-5592]). Different detection rates between the immunohistochemistry techniques used perhaps attributed to different numbers of patients and different cut-off values for CD30 being used by different researchers. Therefore, in order to figure out how many tumor cells should be defined as CD30-positive, a scoring system based on a 5-tiered scale was applied in the present study. The CD30-positive rate was 14.7% at the cut-off point of 3+.

The association of CD30 expression in the prognosis of ENKTL was analyzed first, as this has been controversial ([@b16-ol-0-0-5592],[@b17-ol-0-0-5592],[@b19-ol-0-0-5592],[@b26-ol-0-0-5592]). In the present study (n=70), patients with CD30^+^ ENKTL showed significantly inferior OS (P=0.023) and PFS (P=0.008) compared with CD30-ENKTL. However, studies involving different groups produced contradictory results. Kuo *et al* ([@b16-ol-0-0-5592]) (n=22) reported that there was no significant statistical difference in survival rate according to CD30 expression with respect to ENKTL. Mraz-Gernhard *et al* ([@b26-ol-0-0-5592]) (n=30) reported that patients with cutaneous CD30^+^ NK or NK/T cell lymphomas usually demonstrated better outcomes compared withCD30 patients. By contrast, Hong *et al* ([@b19-ol-0-0-5592]) (n=22) found that CD30 expression was associated with a poor prognosis. These studies mentioned that additional studies involving larger numbers of patients were required due to limited sample size. A study involving a greater number of patients performed by Li *et al* ([@b17-ol-0-0-5592]) (n=96) demonstrated that OS and PFS rates in the CD30^+^ group were significantly decreased compared with those in the CD30-group, which is consistent with the findings of the present study. Another focus of the present study was figuring out the optimal cut-off for CD30^+^ that would be of statistical significance, as previous studies used different criteria. In the present study, survival rate analysis was performed between the CD30^+^ and the CD30-group based on different cut-off levels, when considering a score ≥3+ as CD30 positivity, a level of significance of P\<0.001 was observed. In the present study, CD30 expression was considered to be positive when \>50% of the tumor cells exhibited strong membrane staining. This criterion was used in the analyses.

In the present study, the most common type of morphological pattern was MC type, which accounted for 53.3% of the 122 patients with ENKTL. The majority of patients (86.1%) showed coagulative necrosis. The association of the morphological parameters in nasal NK/T cell lymphoma with CD30 expression has not been clear thus far. Kuo *et al* ([@b16-ol-0-0-5592]) revealed that CD30 expression appeared to correlate with vascular destruction and thrombosis, and 2 other studies conducted by Kim and Heo ([@b4-ol-0-0-5592]) and Gaal *et al* ([@b15-ol-0-0-5592]) reported that CD30 positivity may be associated with large pleomorphic (anaplastic) morphology. However, in these studies, no association was found between CD30 expression and other morphological parameters including histologic subtypes, vascular destruction and necrosis. In the present study, 4 types of CD30^+^ pattern were observed and almost half of the patients (43.2%) were CD30 focally positive. Notably, 7 patients with CD30 expression of angiocentric positivity were observed, which was perhaps associated with the angiodestructive growth pattern of the tumor cells. It should be noted that 13 patients with ENKTL exhibited strong and diffuse CD30 immunoreactivity, and this may be confused with CD30^+^ anaplastic large cell lymphoma. Immunostains for ALK and EBV in EBV-encoded RNA-ISH studies may be useful to distinguish ENKTL and anaplastic large cell lymphoma in difficult cases.

Certain studies have reported that CD30 expression was an independent prognostic factor in several types of malignant lymphoma. In a study on a large sample of patients with DLBCL conducted by Hu *et al* ([@b27-ol-0-0-5592]), CD30 expression defined a novel and unique subgroup of DLBCL with a favorable clinical outcome and a distinct gene expression signature. Another study investigating PTCL revealed, by gene expression programming analyses, that patients with CD30^+^ PTCL shared common molecular and phenotypic features, and that there were significant differences between CD30^−^ and CD30^+^ PTCL-NOS ([@b28-ol-0-0-5592]). The 2 aforementioned observations indicate that CD30 can be used as a valuable means to define 2 distinct biological subgroups, and it was demonstrated that CD30 expression was associated with improved outcomes. The mechanism underlying the poor prognosis of CD30^+^ ENKTL has not been well defined. EBV affects cell proliferation via latent membrane protein (LMP) 1. CD30 and LMP1 belong to the TNF-receptor family and their expression of protein has the potential to activate nuclear transcription factor-κB ([@b10-ol-0-0-5592]). The authors hypothesize that LMP1 and CD30 act cooperatively to affect the prognosis of ENKTL. CD30^+^ ENKTL may exhibit a distinct gene expression signature.

In conclusion, CD30 expression was associated with a poor prognosis in ENKTL, but had no effect on clinical or histopathological parameters when considering a score ≥3+ as CD30 positivity. The findings of the present study suggest that CD30 should be a good prognostic maker in ENKTL.
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![Representative images of CD30 expression by immunohistochemistry in natural killer/T-cell lymphoma. CD30 immunostaining shows (A) sporadic positivity, (B) focal positivity, (C) diffuse positivity and (D) angiocentric positivity (magnification, ×200). Scale bar represents 100 µm.](ol-13-03-1211-g00){#f1-ol-0-0-5592}

![Kaplan-Meier curve of (A) overal survival and (B) progression-free survival according to CD30 expression. CD30, tumor necrosis factor receptor superfamily member 8.](ol-13-03-1211-g01){#f2-ol-0-0-5592}

###### 

Clinicopathological features of ENKTL stratified according to CD30 expression.

  Characteristic            Overall, n (%)   CD30^+^, n (%)   CD30^−^, n (%)   P-value
  ------------------------- ---------------- ---------------- ---------------- ---------
  Gender                                                                       
    Male                    84 (68.9)        12 (66.7)        72 (69.2)        0.828
    Female                  38 (31.1)        6 (33.3)         32 (30.8)        
  Age, years                                                                   
    ≤60                     97 (79.5)        15 (83.3)        82 (78.8)        0.663
    \>60                    25 (20.5)        3 (16.7)         22 (21.2)        
  B symptoms                                                                   
    Absence                 57 (46.7)        10 (55.6)        47 (45.2)        0.416
    Presence                65 (53.3)        8 (44.4)         57 (54.8)        
  Elevated serum LDH                                                           
    Yes                     49 (40.2)        9 (50.0)         40 (38.5)        0.357
    No                      73 (59.8)        9 (50.0)         64 (61.5)        
  Bone marrow involvement                                                      
    Yes                       3 (2.5)        1 (5.6)          2 (1.9)          0.358
    No                      119 (97.5)       17 (94.4)        102 (98.1)       
  Ann Arbor staging                                                            
    I, II                   80 (65.6)        14 (77.8)        66 (63.5)        0.238
    III, IV                 42 (34.4)        4 (22.2)         38 (36.5)        
  Histological types                                                           
    SC                      27 (22.1)        4 (22.2)         23 (22.1)        0.540
    MC                      65 (53.3)        8 (44.4)         57 (54.8)        
    LC                      10 (8.2)         3 (16.7)         7 (6.7)          
    PC                      20 (16.4)        3 (16.7)         17 (16.3)        
  Necrosis                                                                     
    Yes                     105 (86.1)       17 (94.4)        88 (84.6)        0.266
    No                      17 (13.9)        1 (5.6)          16 (15.4)        
  Vascular destruction                                                         
    Yes                     45 (36.9)        8 (44.4)         37 (35.6)        0.472
    No                      77 (63.1)        10 (55.6)        67 (64.4)        

P-values were calculated from a χ^2^ test. B symptoms are defined as weight loss of \>10% within 6 months, night sweats and fever of unknown origin. CD30, tumor cell necrosis factor superfamily member 8; ENKTL, extranodal natural killer/T cell-cell lymphoma; LDH, lactic dehydrogenase; SC, small cell type; MC, medium-sized cell type; LC, large cell type; PC, pleomorphic cell type.
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